INTRODUCTION
Residual air, when related to total lung volume, establishes the presence and degree of pulmonary hyperinflation (emphysema). When continuous gas analysis is used to measure residual air, the rate of gas dilution or "clearing" also depicts the process of gas mixture within the lung. Unfortunately, the special equipment and technical skill required have limited clinical interest in quantitative pulmonary studies.
The closed circuit method has been criticized by Lassen and associates (1) because of the continual nitrogen concentration within the system ("oxygen storage" or "nitrogen lag"). Although the closed circuit method appears to give somewhat higher values than open circuit (2) or constant volume (3) (4) (5) methods in normal individuals, such differences are not as apparent in pathological subjects where faulty mixing and other factors cause poor testing reproducibility in all methods. Since clinical adaptability rather than maximum accuracy was the goal in this study, a closed circuit method was adopted.
The equipment and technique were simplified to make tests of total lung capacity and intrapulmonic mixing more suitable for clinical use. The essential features of this method are continuous electronic gas analysis from an unaltered commercial metabolism machine, applied to a modification of the Christie closed circuit technique (6) . A new mixing index, a measure of ventilatory efficiency, has been derived from the data obtained in this study.
Cournand and colleagues (7), described an "index of intrapulmonary mixing" in their recent studies on pulmonary insufficiency using an open circuit method. Their index is simply the per cent of nitrogen in the alveoli at the end of seven 33/038/-422. minutes of oxygen breathing. This arbitrary period is adequate for most subjects to clear all but 2.5 per cent nitrogen from their lungs. However, as the authors pointed out, the final nitrogen concentration in a subject with a high respiratory rate (large minute volume) and a poorly mixing lung might be the same as that in a normal subject with a much lower minute volume.
Boothby and co-workers (8) used the nitrogen meter with a closed circuit method to test efficiency of tidal breathing. The test was the time necessary to clear nitrogen from the lungs, which varied from two to three and one-half minutes in normal individuals. Their test also does not take into account differences in minute volume. This fallacy was avoided in devising our pulmonary mixing index because graphical recording of the clearing process permits judging of the time and number of respirations required to reach the end point in the process. Efficiency is related to ventilation and lung size, rather than to time.
METHOD
The complete apparatus is shown in Figure 1 .2 Meter. The analyzing device was the nitrogen meter developed by Lilly and Anderson (9, 10) . The delay between the sampling needle and the analyzer was 1.8 seconds, and the time to reach peak value on the tracing was an additional 2.8 seconds, mainly due to mixing in the lead-in system rather than to instrumental delay. A ceramic orifice admitted 50 cc. of sample gas a minute at the operating pressure of 60 mm. of Apiezon B oil. The lead-in plastic tubing to the orifice was 0.034 inch in bore and 45 inches long. The distal end of the tubing was attached to a No. 20 hypodermic needle, and the proximal end affixed to a 100 cc. drying chamber containing 8 The testing position was supine and hands at the side. The spirometer, previously tested for leaks and flushed, was adjusted to the standard volume and the mouthpiece (assembly switched to room air) was fitted to the subect. The nitrogen meter record was standardized with a stream of oxygen to insure that the maximum scale was being utilized. The meter sampling needle was then thrust through the mouthpiece wall to the middle of the mouthpiece stem. At the end of a tidal expiration, the subj ect was switched into the spirometer circuit and the test continued until the nitrogen concentration tracing became a straight line-4.e., until inspiratory and expiratory nitrogen concentrations were visually equal. After maximal expiration, the sampling needle was immediately withdrawn for several standardizing exposures to a stream of pure oxygen from an oxygen tank tubing. Finally, the subject was instructed to produce two more maximal expirations, each separated by tidal breathing, and three maximal inspirations, also separated by tidal breathing.
Calculation. When the lungs rebreathe into a spirometer containing a known volume of oxygen until the concentrations of nitrogen in the lungs and in the spirometer are virtually equal ("equilibration"), the lung volume can be calculated from the following statement:
Lung Volume X fN = (Lung Volume + V,)f'N, Warm-up periods of one hour for the amplifier and onehalf hour for the meter were allowed, to minimize drift. The second formula illustrates the influence of (excessive) FRA size, poor mixing, and shallow respirations on mixing efficiency. Even in a single normal individual there is considerable daily variation in tidal volume-and therefore in the relative influence of the respiratory dead spaceso that absolute constancy of the index cannot be expected.
Computation of "total ventilation to equilibration" requires two steps: 1) counting all readily discernable respiratory waves on the nitrogen meter tracing; and 2) measuring the corresponding respiratory excursions on the spirometer tracing with a millimeter rule, to determine the average tidal volume. In the regular tracings of trained normal subjects, it suffices to draw envelope slope lines over the appropriate area of the spirometer tracing and measure directly the midpoint average tidal breath. In patients with severe emphysema, however, the respiratory dicted rather than measured vital capacity, since rate is high, and no straight slope lines can be drawn no meaningful prediction could be obtained from accurately. Therefore, a curved envelope is drawn and tidal breaths measured at 0.2 inch intervals.
In Table II , the subjects are arranged in de-RESULTS creasing ventilatory efficiency (mixing index), the The descriptive data for the three normal and factor data being listed in the last four columns. four abnormal subjects in this study are listed in The data for the three normals show the correlation Table I . Baldwin and colleagues' (13) formulas between the index and its constituent factors. of prediction for normal individuals were used ex-Thus, respiratory rate increases as the mixing cept that total lung volume was derived from pre-index decreases. Tidal volume is directly pro- portional to the mixing index. Neither of these correlations is particularly surprising, since a slow respiratory rhythm 'allows more time for mixing with each breath and a large tidal volume diminishes the waste inherent in a constant respiratory dead space. A fourth subject (F.N.T.) showed factor correlations with his mixing index similar to the normal individuals. He is not perceptibly disabled, and could be classified as a near-normal. The last three subjects, however, are moderately to severely incapacitated and the preceding correlations do not apply. Normal subjects. The histories, physical examinations, and chest x-rays of the two normal male subjects (C. A. W. and L. D. C.) revealed no pertinent abnormalities. Their lung volumes were almost identical with those predicted for their ages, sex and heights.
The third normal subject (S. M. N.), a healthy, 20-year-old female, had neither personal nor familial history of respiratory disease and was classified as normal by physical examination and x-ray. Nonetheless, her volume of residual air was unusually large, the RA/TLV x 100 ratio being 37 per cent (17 per cent above the norm of her age group). This value, according to Baldwin and associates (13) , would probably justify the diagnosis of "relative hyperinflation" or emphysema, yet her mixing efficiency as measured by the mixing index was the best of all the subjects in this study.
Abnormal subjects F. N. T. is a 28-year-old male in whom an abnormality in the right lung field was discovered in his first x-ray taken in 1941 because of a severe upper respiratory tract infection (URI). Extended studies at a municipal tuberculosis clinic and elsewhere confirmed the diagnosis of congenital cystic disease. The patient was unaware of any disability before or after the diagnosis.
The fact that the amounts (2,082 and 1,800) by which his measured TLV and VC fell below those predicted were nearly the same suggested that the cysts are predominantly closed. That a few cysts do communicate with the bronchi was demonstrated by maximal expirations shortly before equilibration. This patient cleared nitrogen from his lungs in the same time as the normal subjects, but on maximal expiration one-half minute before equilibration, he showed a 3 per cent increment in nitrogen concentration over the tidal concentration. Normal subjects showed only a .5 per cent increment at this time.
It is of interest that on one occasion (see Figure  2) when F. N. T. had a mild URI, he manifested the pattern of uneven or "cyclical" clearing, similar to that of the other pathological subjects. That is, on successive breaths the inspiratory-expiratory difference, instead of falling off smoothly and continuously to a straight line, repeatedly fell off progressively for a few breaths, only to increase slightly and then fall off again. The appearance of the cyclical pattern in this patient was suggestive of intermittent occlusion of a communicating cyst. A further abnormality was the 6 per cent increment in nitrogen concentration over tidal breathing upon a forced expiration after three minutes of rebreathing. Because the marked deviation of this tracing from his other tracings represented additional pathology, it was excluded from the analysis. In one normal subject (S.M.N.) with a similar URI at the time of testing, neither the cyclical pattern nor the post-equilibration alveolar nitrogen increment was observed.
J. M. I., a 41-year-old female, was a sanitorium patient at the time of this study. Her tuberculosis was discovered in 1932 when she applied for a health card, and treatment during her first admission consisted of a permanent left phrenicectomy. In 1937 a left extrapleural pneumothorax and oleothorax were performed. A diagnosis of bronchopleural fistula was made in 1944, but she did not consent to re-admission until 1946. At this time she was cyanotic at rest and had marked clubbing of the fingers. Subsequently, serial x-rays showed a progressive clearing of the nodular disease in both lung fields and at the same time, the clubbing and cyanosis decreased.
The comparison of the measured TLV and VC and the predicted values for this patient resembled that for F. N. T.--i.e., the reduction was almost equal (1,912, and 1,748, respectively). This indicates non-communicating and non-functioning lung tissue. In addition, the volume of residual air was somewhat enlarged relative to the TLV, giving a ratio of 41 per cent, which suggests mild emphysema. Her last test, taken six weeks after the first three tests, showed general improvement and therefore falsely magnified the statistical variability.
J. G., a 57-year-old-male, developed exertional dyspnea and recurrent hemoptysis in 1937. The only pertinent history was a ten-year period as a jack hammer operator. Beginning in 1942, he was followed at a municipal tuberculosis clinic, but a positive sputum was not obtained until 1948. At this time he was orthopneic and cyanotic. The AP diameter of the chest was markedly increased and a moderate dorsal kyphosis was present. An x-ray showed the typical picture of emphysema as well as some infiltration in both apices.
The data illustrate the classic findings of emphysema: 1) relatively normal TLV, 2) markedly reduced VC, 3) high ratio of RA to TLV (76 per cent), and 4), poor pulmonary mixing. J. G. was the most disabled patient in the series, and was the only one manifesting orthopnea and faint cyanosis at the time of testing.
M. W., is a 60-year-old female with a history of lifelong, recurrent bronchitis and exertional dyspnea of two years' duration. X-ray showed slightly increased basal markings and slight generalized emphysema.
The data in this case are compatible with moderate emphysema. As in the previous subject (J. G.), the VC was markedly reduced, but TLV was normal. The ratio of RA to TLV was 51 per cent, and pulmonary mixing was low.
DISCUSSION
The reliability or reproducibility of a testing situation can be deduced from serial determinations in one (presumably constant) individual. In this study, reliability was measured by repeated testing at intervals ranging from one day to two-and-ahalf months.
In Table III Open circuit method. Darling and colleagues (2) reported the range of five FRA determinations in 2. The method utilizes a conventional basal metabolism machine and an electronic nitrogen analyzer, simplifications designed to make the testing clinically feasible.
3. A new index of ventilatory efficiency, the "mixing index," is described, which takes into account variations in minute volume and lung size.
4. Data on three normal and four abnormal subjects are presented.
5. The testing variability by this method compares favorably with other series reported in the literature.
